Recently a device has been developed to augment sensory feedback during weight-bearing activities.
activities by controlling two variables, force and a time delay over which a specified force is applied to the footplate, to produce one audio feedback tone during the stance phase of the gait cycle. This time delay addition is important because feedback information about the stance phase of gait should depend not just upon force through the limb, but the time over which such force is exerted.
The LLM output is used to activate the modification, which, in turn, provides delayed feedback to the patient. A schematic of the modification is shown in Figure 2 . The designations A1-A4 represent a MLM2902 chip. A1 amplifies the input signal from the LLM. A4 is a level detector. By adjusting a variable potentiometer, R2 (knob on right of front panel of modification, Fig. 1 ), the level detector will Level detector A3 will stay positive as long as pressure is applied to the footplate; however, the oneshot multivibrator will only trigger on the positive leading edge. Therefore, at the end of the time delay, pin 1 on the multivibrator will become positive and activate transistor Q1. Because level detector A3 must be positive as soon as pressure is applied to the footplate, the direct-current (DC) offset of the LLM must be adjusted. The offset is adjusted by using a light-emitting diode (LED), driven by Q2 (transistor 2N3391), to monitor the output of level detector A3. When A3 becomes positive, the LED comes on. The therapist must adjust the DC offset on the LLM so that the LED is off when no pressure is applied to the footplate but is activated by the slightest amount of pressure. The DC offset is adjusted by using a small, straight screwdriver to turn a pin at the "internal zero adjust" location on the LLM and should always be undertaken after the pressure (foot) plate is in the shoe. Adjusting to zero voltage should take less than 30 seconds.
In short, the modification allows for separate controls over force and a time delay to process the force signal to produce one feedback tone emitted through an audio speaker on the modification. Both the LLM and the modification can be worn on a belt and together weigh less than 1 kg.
We have used the LLM with the modification to train hemiplegic patients to increase stance time on the affected leg. The footplate has also been applied within the sole of a shoe or taped to the walking surface of footwear while training amputees to bear more weight on their prostheses during gait training. As a clinical tool, the entire ensemble appears to facilitate gait training.
The cost for adding the modifications to the LLM can vary from $50 to $100, depending on the quality of R1 and R2. These costs do not include the construction time of the therapist or electronics professional.
There appear to be two minor limitations to the use of this ensemble. First, the therapist must compensate for the DC offset by turning the internal zero adjust each time the footplate is replaced within a shoe or each time the preplaced footplate is engaged by turning on the LLM. Second, the patient can "cheat" on the system; that is, he can activate the feedback tone for virtually any combined delay and force settings. Invariably, however, to do so he will have to display inappropriate gait patterns (prolonged stance or exaggerated weight shifts) that are obvious to even the untrained observer.
Although the LLM and modification have proven to be clinically effective, their precision as research and measurement tools has yet to be determined. For example, force distribution through the footplate must be compared to opposite forces measured on a force platform when the plate is worn either within or on the undersurface of a shoe. Measurements for accuracy of force transmission are currently under way in our clinic.
